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(2) 459–466, 1998.—Food deprivation in-
creases the rewarding effects of self-administered drugs such as psychomotor stimulants and benzodiazepines. These drugs
also possess aversive properties and can produce conditioned tast aversions (CTA). Because drug-seeking behavior is most
likely affected by both the rewarding and aversive properties of drugs, we hypothesize that food deprivation might also atten-
uate a drug’s aversive consequences. The CTAs induced by three different drugs (amphetamine, chlordiazepoxide, and LiCl)
were assessed separately. Male Long–Evans rats were assigned to one of two feeding conditions: restricted (maintained at
80% of free-feeding body weight), or nonrestricted (with ad lib food). Both groups received CTA training, consisting of an in-
traoral infusion of a novel saccharin solution (10 min) followed immediately by one of two IP injections: paired rats received
drug, and unpaired rats received a similar volume of saline. After 10 days of ad lib food access, saccharin was presented to all
rats again, and the latency to reject the tastant was used as an index of CTA learning. The rats that had been food restricted
at the time of conditioning exhibited attenuated CTAs relative to those that had not been deprived. These differences were
seen only when a rewarding drug (amphetamine or chlordiazepoxide) and not when a nonrewarding drug (LiCl) was used as
the unconditioned stimulus. In a separate experiment, we established that this effect is apparent only when the deprivation
period precedes conditioning rather than precedes testing. The present results indicate that food deprivation modulates the
acquisition of a CTA induced by amphetamine or chlordiazepoxide, but not LiCl. © 1998 Elsevier Science Inc.
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one of the first experiments to examine directly the effects
of food deprivation on drug intake, Meisch and Thompson
(30) found that food-restricted rats consumed more ethanol
than rats fed ad lib [see also (1,43,45). Some investigators in-
terpreted these findings to indicate that food-deprived rats
consumed the additional ethanol as a ready source of caloric
replenishment, rather than as an agent that interacted with
food deprivation psychopharmacologically (27). This hypoth-
esis was consistent with the observation that rates of ethanol
self-administration substantially decrease following the rein-
statement of ad lib food (1,35,45).

Over the years, several laboratories have questioned this
“Caloric Hypothesis.” For example, Carroll et al. (6) and
Meisch and Kliner (31) observed robust food deprivation-
induced elevations in drug self-administration, even when the

drugs did not provide calories. For example, etonitazene, a
potent noncaloric opioid, is self-administered to a greater de-
gree when rats are food deprived, and these increases are ap-
parent regardless of whether the rat self-administers the drug
orally or intravenously (6,31). Numerous studies have demon-
strated a broad generality to these findings: psychomotor
stimulants (8,12,13), depressants (25,30), opioids (6–8), aryl-
cyclohexylamines (7,8), and nicotine and cannabis (13,42) are
all self-administered at higher levels when animals are food
deprived. These effects are consistent across routes of admin-
istration and across species [for a review, see (9)].

It has been hypothesized that, rather than self-administer-
ing drugs to compensate for needed calories or to compensate
for decreased body weight, food-deprived rats self-administer
drugs at higher rates because the reinforcing efficacy of the
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drugs is increased in states of deprivation (6,31). We recently
provided evidence supporting this hypothesis. Using condi-
tioned place preference as an indication of the rewarding
properties of cocaine, we found that food deprivation in-
creased cocaine-induced place preference learning in rats (4).
Thus, cocaine produces a preference for the environment in
which it was administered, and this preference is strengthened
by a period of food deprivation.

Although evidence indicates that many commonly abused
and self-administered psychoactive substances possess re-
warding properties, there is also evidence that many of these
same drugs have aversive properties. For example, when con-
sumption of a novel saccharine flavor was paired with an in-
jection of amphetamine (AMPH), it was observed that rats
subsequently avoided the saccharine solution, indicating the
development of an AMPH-induced conditioned taste aver-
sion [CTA; (41)]. This has been interpreted to suggest that the
drug (in this case, AMPH) that was paired with the taste pos-
sesses “aversive” properties. Interestingly, morphine, AMPH,
and ethanol are each capable of establishing a CTA at doses
that support operant self-administration, even when experi-
mental conditions are controlled such that the drugs are ad-
ministered in the same manner and at the same dose in both
paradigms (16,22). In fact, both morphine and AMPH can si-
multaneously serve as a positive reinforcer and induce a CTA
(36,46). Further, drugs that produce conditioned place prefer-
ences and that are self-administered as positive reinforcers
can also produce conditioned place aversions (2,3,5,15,23,29,
39–40).

Evidence suggests that increased self-administration of
drugs during food-deprived states may be due to the increased
reinforcing efficacy of the drug. Because both the rewarding
and aversive properties of drugs likely influence drug-seeking
behavior, an additional possibility is that increased drug self-
administration during food-deprived states may reflect an at-
tenuation of the aversive properties associated with the drug.
To test this possibility, we assessed the ability of food depriva-
tion to attenuate AMPH-induced CTAs. We hypothesized
that if food deprivation reduces the magnitude of the aversive
properties associated with AMPH, then this decrement should
be reflected by an attenuated CTA. To assess the generality of
this phenomenon, we also examined the effects of food depri-
vation on CTAs produced by chlordiazepoxide (CDPX), a
benzodiazepine, and on CTAs produced by lithium chloride, a
potent toxin possessing no known rewarding value.

 

METHOD

 

Subjects

 

Adult male Long–Evans rats from the breeding colony of
the Department of Psychology at the University of Washing-
ton were individually housed in hanging stainless steel cages
within a colony room that was maintained on a 12 L:12 D cy-
cle (lights on at 0700 h). Water was available ad lib, and unless
otherwise stated, pelleted Harlan Teklad rodent diet (#8604)
was also freely available.

 

Surgery and Apparatus

 

Surgical procedures were adapted from those developed
by Grill and associates to assess and the physiological mecha-
nisms underlying CTA (20,21). We implanted rats with unilat-
eral intraoral cannulae constructed of PE-100 tubing with a
heat flare at one end. The rats were anesthetized with an in-
traperitoneal injection of Ketamine (86 mg/kg)/Xylazine (12.9

mg/kg). The cannula was inserted anterolateral to the first
maxillary molar and routed subcutaneously to exit midsaggi-
tally at the top of the head. The cannula was secured with
washers fashioned from Teflon sheeting. All rats were treated
prophylactically with 0.2 ml Gentamicin intramuscularly.

The observation chamber was also adapted from that de-
veloped by Grill & Norgren (20,21) and was constructed from
a clear Plexiglas cylinder (22.2 cm i.d. 
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 25.4 cm long). The
chamber rested on end upon a Plexiglas base that was
mounted above a mirror placed at a 45 angle, such that the
ventral aspect of the animal could be easily viewed during the
sessions. All sessions were viewed remotely via a video link.
An infusion pump with a 5-ml syringe was mounted above the
chamber and was used to infuse fluids through the PE tubing
and into each rat’s oral cavity at a rate of 0.5 ml/min.

Rats were allowed approximately 1 month to recover from
surgery and were then habituated to the test chambers and
the infusion process. Habituation to the apparatus consisted
of placing a rat in the chamber for two 30-min sessions. Addi-
tional habituation to the apparatus, and habituation to the in-
fusion process, consisted of placing the rats in the chamber
and intraorally delivering tap water during the first 10 min on
two additional 30-min sessions.

 

Drugs and Solutions

 

Sodium saccharin, 

 

d

 

-amphetamine HCl (AMPH), chlordiaz-
epoxide HCl (CDPX), and lithium chloride (LiCl) were pur-
chased from Sigma Chemical (St. Louis, MO). Saccharine solu-
tions (0.15%) were made with nonsterile deionized/distilled
water. AMPH (2.5 mg/ml) and CDPX (10 mg/ml) were dis-
solved in sterile saline. LiCl (0.15 M) was dissolved in sterile
water. Concentrations of all compounds are expressed in
terms of the salt. Relatively high drug doses were chosen [see,
e.g., (28)] to match the severity of CTA produced by our stan-
dard LiCl dose. Specifically, 3.0 mg/kg AMPH and 20 ml/kg
LiCl produce comparable CTAs (41). Using data published
by Gamzu [(17); see Fig. 3, p. 486], we selected a dose of
CDPX (15 mg/kg) that would approximate the magnitude of
the CTA produced by these doses of AMPH and LiCl.

 

Statistics

 

All statistics were carried out according to the principles
described by Winer et al., (47). The mean body weights of re-
stricted and ad lib animals were compared at three separate
points (predeprivation, training, and testing) using two-sam-
ple 

 

t

 

-tests. To assess

 

 CTAs, 2 
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 feed) ANOVAs
were computed. The “group” factor examined differences be-
tween groups that had the drug injection either paired or un-
paired with the saccharine infusion on the conditioning day.
The “feed” factor examined differences between restricted
and ad lib groups. Because we hypothesized that a difference
would be apparent between rats assigned to the different
feeding conditions, a planned comparison between paired
groups within each drug condition was computed using a one-
way ANOVA.

 

Procedure

 

The CTAs induced by three different drugs (AMPH,
CDPX, and LiCl) were assessed. Conditioning and testing
with each of these drugs was carried out separately (see Table
1 for a summary of group sample sizes). After the surgeries,
recovery periods, and habituation procedures were com-
pleted, the rats within each drug condition were assigned to
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one of two groups: ad lib or restricted. Feeding conditions
were not altered for the ad lib group, but rats in the restricted
group were limited to 5 to 8 g of food per day over a 7-day pe-
riod. This regimen is based upon methods used in studies in-
vestigating the effects of food deprivation on the reinforcing
properties of drugs [see (4,9)] and results in a significant loss
of body weight by the restricted animals over 7 days.

During conditioning, rats were placed in the observation
chamber and infused with 5 ml of a novel saccharin solution.
The rats were videotaped and the amount of time (s) that
passed before the rat rejected the fluid (passively or actively)
was recorded. Following the 10-min infusion period the rats
were injected intraperitoneally with one of two solutions.
Paired rats received the drug, and unpaired rats received a
similar volume of sterile saline. To control for nonspecific
drug effects, the rats within each group were injected with the
alternate solution 24 h later; the rats were not placed in the
testing chamber, nor was there a saccharine infusion given on
this day. One hour following this second injection, the re-
stricted rats were again allowed free access to food. Ten days
following the conditioning sessions the rats were tested. They
were placed in the conditioning chambers and again infused
with 5 ml of saccharine solution for 10 min, videotaped, and
the latency to first fluid rejection was assessed.

An additional experiment was conducted to assess the
time-specific effects of the period of food deprivation on
AMPH-induced CTAs. The methods were identical to those
described above, except for the following: initially both
groups of rats were allowed ad lib access to food prior to and
during conditioning. Three days following conditioning, the
rats were assigned to one of two conditions: ad lib or re-
stricted. Feeding conditions were not altered for the ad lib
group, but rats in the restricted group were limited to 5 to 8 g
of food per day over a 7-day period. On the final day of this
period (i.e., 10 days following the conditioning sessions and
7 days following initiation of the deprivation period) the rats
were tested. Thus, the rats in this experiment were exposed to
the same degree of food deprivation, both in terms of dura-
tion and severity, but here the deprivation period preceded
testing rather than conditioning.

 

RESULTS

 

Amphetamine

 

Before surgery the rats ranged in body weight from 369 to
534 g, and following surgery all rats lost weight slowly for ap-
proximately 7 days, with an average loss of 7.0%. By the initi-

ation of the food-deprivation regimen, all the rats had reattained
their presurgical body weight baselines, and averaged 4.7%
above it. Two groups were then created (see Fig. 1A)

 

 

 

such
that prior to the deprivation regimen their mean body weights
did not differ reliably: ad lib (438 
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 10 g) vs. restricted (451 

 

6

 

12 g). However, within 7 days the restricted rats had lost a
substantial amount of weight (on average, 20.0% below their
predeprivation body weights) and the weights of the two
groups differed statistically: ad lib (445 
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 9 g) vs. restricted
(361 

 

6

 

 10 g); 

 

t

 

(29)

 

 

 

5

 

 6.00, 

 

p 

 

,

 

 0.001. Within the 10 days fol-
lowing conditioning both groups of rats gained in body
weight, although for the restricted rats the rate was substan-
tially greater, such that on the test day the weights of the two
groups no longer differed statistically: ad lib (465 
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 11 g) vs.
restricted (451 

 

6

 

 13 g).
On the conditioning day saccharin was ingested through-

out all or most of the 10-min infusion period, and there were
no differences among any of the groups in their latencies to
drip. Conversely, on the test day, groups that had received in-
jections of AMPH paired with saccharin demonstrated signifi-
cant CTAs (see Fig. 1B). Relative to their respective unpaired
controls, both restricted and ad lib rats rejected saccharin ear-
lier in the session. An ANOVA revealed a significant effect,

 

F

 

(1, 30)

 

 

 

5

 

 23.22, 

 

p 

 

,

 

 0.001, that indicated the paired groups
(restricted/paired and ad lib/paired) differed from the un-
paired groups (restricted/unpaired and ad lib/unpaired). How-
ever, neither the feeding condition nor the interaction
achieved statistical significance. Conversely, a planned com-
parison of the paired groups did indicate that the CTA of the
restricted rats was significantly weaker than that of the ad lib
rats, 

 

F

 

(1, 20)

 

 

 

5

 

 5.701, 

 

p 

 

,

 

 0.03.

 

Chlordiazepoxide

 

Before surgery the rats ranged in body weight from 258 to
307 g, and following surgery all rats lost weight slowly for ap-
proximately 7 days, with an average loss of 7.3%. By the initi-
ation of the food-deprivation regimen, all the rats had reattained
their presurgical body weight baselines, and averaged 35%
above it. Two groups were then created (see Fig. 2A) such
that prior to the deprivation regimen their mean body weights
did not differ reliably: ad lib (382 

 

6

 

 8 g) vs. restricted (382 

 

6

 

 9
g). However, within 7 days the restricted rats had lost a sub-
stantial amount of weight (on average, 23% below their pre-
deprivation body weights) and the body weights of the two
groups differed statistically: ad lib (395 

 

6

 

 12 g) vs. restricted
(294 

 

6

 

 8 g); 

 

t

 

(27)

 

 

 

5

 

 7.05, 

 

p 

 

,

 

 0.001. Within the 10 days follow-
ing conditioning both groups of rats gained in body weight,

TABLE 1

 

SAMPLE SIZES FOR EACH GROUP

Group

Drug Used to Induced Conditioned Taste Aversion

Amphetamine Chlordiazepoxide Lithium Chloride Amphetamine*

 

Restricted
Paired 11 10 11 10
Unpaired 5 4 6 4

Ad Libitum
Paired 10 10 9 10
Unpaired 5 4 5 4

*Indicates the secondary experiment, when the period of food-deprivation fol-
lowed, rather than preceded, conditioning.
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though for the restricted rats the rate was substantially
greater, such that on the test day the weights of the two
groups no longer differed significantly: ad lib (420 

 

6

 

 10 g) vs.
restricted (395 

 

6

 

 9 g).
On the conditioning day saccharin was ingested through-

out all or most of the 10-min infusion period, and there were
no differences among any of the groups in their latencies to
drip. Conversely, on the test day, groups that had received in-
jections of CDPX paired with saccharin demonstrated signifi-
cant CTAs (see Fig. 2B). Relative to their respective unpaired
controls, both restricted and ad lib rats rejected saccharin ear-
lier in the session. An ANOVA revealed a significant effect,

 

F

 

(1, 27)

 

 

 

5

 

 11.86, 

 

p 

 

,

 

 0.002, that indicated the paired groups

(restricted/paired and ad lib/paired) differed from the unpaired
groups (restricted/unpaired and ad lib/unpaired). Addition-
ally, there was also an effect of feeding condition, 

 

F

 

(1, 27)

 

 

 

5

 

4.83, 

 

p 

 

,

 

 0.05, and interaction between the two variables, 

 

F

 

(1,
27)

 

 

 

5

 

 4.83, 

 

p 

 

,

 

 0.05. Furthermore, a planned comparison of
the paired groups indicated that the CTA of the restricted rats
was significantly weaker than that of the ad lib rats, 

 

F

 

(1, 19)

 

 

 

5

 

12.68, 

 

p 

 

,

 

 0.002.

 

Lithium Chloride

 

Before surgery the rats ranged in body weight from 314 to
457 g, and following surgery all rats lost weight slowly for ap-
proximately 7 days, with an average loss of 7.7%. By the initi-

FIG. 1. (A) Mean body weights (6SEM) of rats prior to, during, and
following conditioning; *indicates that the two groups differed signifi-
cantly from each other, p , 0.001. Lack of asterisks indicates the two
groups did not significantly differ (a 5 0.05). (B) Mean latency to
drip (6SEM) introrally infused saccharin during the test day of the
conditioning experiment; *indicates that the US-CS paired groups
differed significantly relative to their unpaired controls, p , 0.001;
#indicates that the two paired groups differed significantly from each
other, p , 0.03.

FIG. 2. (A) Mean body weights (6SEM) of rats prior to, during, and
following conditioning; *indicates that the two groups differed signifi-
cantly from each other, p , 0.001. Lack of asterisks indicates the two
groups did not significantly differ (a 5 0.05). (B) Mean latency to
drip (6SEM) introrally infused saccharin during the test day of the
conditioning experiment; *indicates that the US-CS paired groups
differed significantly relative to their unpaired controls, p , 0.001;
#indicates that the two paired groups differed significantly from each
other, p , 0.002.



 

FOOD DEPRIVATION AFFECTS CTA 463

ation of the food-deprivation regimen, all the rats had reat-
tained their presurgical body weight baselines, and averaged
16.4% above it. Two groups were created (see Fig. 3A) such
that prior to the deprivation regimen their mean body weights
did not differ reliably: ad lib (449 

 

6

 

 12 g) vs. restricted (446 

 

6

 

12 g). However, within 7 days the restricted rats had lost a
substantial amount of weight (on average, 17.2% of their pre-
deprivation body weights) and the weights of the two groups
differed statistically: ad lib (461 

 

6

 

 13 g) vs. restricted (369 

 

6

 

11 g); 

 

t

 

(29)

 

 

 

5

 

 5.36, 

 

p 

 

,

 

 0.001. Within the 10 days following
conditioning, both groups of rats gained in body weight, al-
though for the restricted rats the rate was substantially
greater, such that on the test day the weights of the two

groups no longer differed statistically: ad lib (465 

 

6

 

 16 g) vs.
restricted (433 

 

6

 

 13 g).
On the conditioning day saccharin was ingested through-

out all or most of the 10-min infusion period, and there were
no differences among any of the groups in regard to their la-
tency to drip. Conversely, on the test day, groups that had re-
ceived injections of LiCl paired with saccharin demonstrated
significant CTAs (see Fig. 3B). Relative to their respective
unpaired controls, both restricted and ad lib rats rejected sac-
charin earlier in the session. An ANOVA revealed a signifi-
cant effect, 

 

F

 

(1, 30)

 

 

 

5

 

 66.15, 

 

p 

 

,

 

 0.001, that indicated the
paired groups (restricted/paired and ad lib/paired) differed
from the unpaired groups (restricted/unpaired and ad lib/
unpaired). However, neither the feeding condition, nor the in-
teraction, nor the planned comparison of the paired groups
achieved statistical significance. Thus, while food deprivation
attenuated the CTAs induced by rewarding drugs (i.e.,
AMPH and CDPX), it did not affect the CTA produced by
the nonrewarding drug, lithium chloride.

 

Timing of Deprivation Period

 

Before surgery rats ranged in body weight from 292 to 390 g,
and following surgery all of the rats lost weight slowly for ap-
proximately 7 days, with an average loss of 7.1%. Prior to the
initiation of the food-deprivation regimen, all the rats had re-
attained their presurgical body weight baselines, and aver-
aged 8.7% above it. Two groups were created (see Fig. 4A)
such that prior to conditioning the two groups did not reliably
differ in body weight: ad lib (372 

 

6

 

 8 g) vs. restricted (378 

 

6

 

 8 g).
The groups did not differ reliably from each other prior to the
deprivation regimen as well: ad lib (371 

 

6

 

 9 g) vs. restricted
(379 

 

6

 

 8 g). However, by the test day, 7 days later, the re-
stricted rats had lost a substantial amount of weight (on aver-
age, 19.1% of their predeprivation body weights) and the
weights of the two groups differed statistically: ad lib (383 

 

6

 

13 g) vs. restricted (306 

 

6

 

 6 g); 

 

t

 

(26)

 

 

 

5

 

 5.29, 

 

p 

 

,

 

 0.001.
On the conditioning day, saccharin was ingested through-

out all or most of the 10-min infusion period, and there were
no differences among any of the groups in regard to their la-
tency to drip. Conversely, on the test day, groups that had re-
ceived injections of AMPH paired with saccharin demon-
strated significant CTAs (see Fig. 4B). Relative to their
respective unpaired controls, both restricted and ad lib rats
rejected saccharin earlier in the session. An ANOVA re-
vealed a significant effect, 

 

F

 

(1, 27)

 

 

 

5

 

 23.50, 

 

p 

 

,

 

 0.001, that in-
dicated the paired groups (restricted/paired and ad lib/paired)
differed from the unpaired groups (restricted/unpaired and ad
lib/unpaired). Neither the feeding condition, nor the interac-
tion, nor the planned comparison of the paired groups
achieved statistical significance. Thus, a decrease in strength
of AMPH-induced CTA is specifically due to food depriva-
tion effects on the drug at the time of conditioning, and not
due to the food deprivation per se.

 

DISCUSSION

 

Consistent with previous research, we have found that rats
develop taste aversions to intraorally infused saccharin when
the taste is followed by an intraperitoneal injection of AMPH,
CDPX, or LiCl (16–18,22,33,36,37,40). We have additionally
found that if rats are food deprived to approximately 80% of
their free-feeding body weights on and before the day of con-
ditioning, both AMPH-induced and CDPX-induced CTAs
are attenuated. This is indicated by the significantly longer la-
tencies to expel a fluid that had been previously paired with

FIG. 3. (A) Mean body weights (6SEM) of rats prior to, during, and
following conditioning; *indicates that the two groups differed signifi-
cantly from each other, p , 0.001. Lack of asterisks indicates the two
groups did not significantly differ (a 5 0.05). (B) Mean latency to
drip (6SEM) introrally infused saccharin during the test day of the
conditioning experiment; *indicates that the US-CS paired groups
differed significantly relative to their unpaired controls, p , 0.001.
Lack of pound sign indicates the two groups did not significantly dif-
fer (a 5 0.05).
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either AMPH or CDPX in the food-deprived rats relative to
their nondeprived controls.

Even though studies have not previously examined the in-
teraction between feeding states and the CTAs produced by
drugs considered to have rewarding properties, our results
were predicted on the basis of other research that focused
upon the effects of food deprivation. Numerous studies have
demonstrated that food deprivation increases the reinforcing
efficacy of commonly abused drugs. This effect has been dem-
onstrated across drug classes, routes of administration, sched-
ules of reinforcement, species, and paradigms (4,9). Given
that food deprivation appears to increase the rewarding prop-
erties of drugs of abuse, and assuming that drug-seeking be-
havior is influenced by both the rewarding and aversive prop-
erties of drugs, we hypothesized that there would be a
corresponding decrease in the aversive properties of these

same drugs. Our results indicate that, at least as measured by
CTA learning, the aversive effects of AMPH and CDPX are
attenuated by food deprivation.

Conventional CTA paradigms, such as a one- or two-bottle
test, usually require a period of water deprivation that pre-
cedes the test to induce the rat to drink during a specified pe-
riod. Use of fluid deprivation would have compromised our
experimental design by causing our nonrestricted controls to
be deprived in other ways (i.e., water deprived). Thus, we
chose to use the methods Grill and associates developed to as-
sess the physiological mechanisms underlying CTA (20,21).
These particular methods have the advantage of not requiring
the rat to approach and actively drink a test solution. Instead,
the conditioned stimulus is directly infused into the rat’s
mouth and the rat need only to ingest or expel the fluid.
Finally, because a rat is required to both approach and con-
sume a test solution in conventional CTA paradigms, some
have argued that these tests are methods that assess avoid-
ance more than aversion (21,32). Our intention was to focus
on the aversive components of drugs per se.

The present results suggest that the aversive effects of re-
warding drugs (i.e., AMPH and CDPX) can be modulated by
food deprivation, yet other possibilities need to be consid-
ered. It is possible that because nonrestricted rats were
trained and tested in the same feeding state, while the re-
stricted rats were not, weaker aversions in the latter group
could represent a state-dependent learning effect. Alterna-
tively, it is possible that the period of food deprivation led to
an enhancement of saccharin preference that was obscured by
a ceiling effect in unpaired animals, yet revealed in paired an-
imals. We do not believe these are likely explanations of our
findings because similar effects would have been expected
when a drug such as LiCl was used as the unconditioned stim-
ulus, and this was not the case.

Food deprivation was not associated with weaker LiCl-
induced CTAs. Peck and Ader (33), using a two-bottle choice
CTA paradigm and another drug assumed to possess no re-
warding properties (cyclophosphamide), obtained evidence
suggesting that rats maintained on ad lib water developed
stronger CTAs than rats that were water deprived throughout
both the conditioning and testing periods. However, when
Revusky et al. (37) attempted to replicate those findings, they
did not obtain the same results. Instead, these researchers
concluded that cyclophosphamide and LiCl induced similar
CTAs, regardless of whether the rats had been deprived or
not. Gillete et al. (18) also reported that comparable LiCl-
induced aversions were displayed regardless of food or water
deprivation states. In a set of experiments using deprivation
periods similar to those used here, Peck and Ader (33) ob-
tained results analogous to ours. That is, they observed no dif-
ferences in LiCl-induced CTAs between deprived and nonde-
prived rats when the deprivation period was limited to either
the pre- or the postconditioning periods. Finally, we observed
that the severity of the LiCl-induced CTA shown by our
paired ad lib control rats was consistent with what we have seen
previously (38,41,44). Further, these CTAs did not reliably dif-
fer from those produced in the paired food-restricted rats.
Thus, the ability of food deprivation to modulate a CTA ap-
pears to be specific to drugs possessing rewarding properties.

Pothos et al. (34), have shown that animals that have been
chronically starved undergo selective depression of their meso-
accumbens dopamine systems. Consistent with this, Figlewicz
et al. (14) have shown that chronic treatments of insulin in-
creases dopamine transporter mRNA levels. These data sug-
gest that food deprivation in general may affect the plasticity

 

FIG. 4. (A) Mean body weights (

 

6

 

SEM) of rats prior to, during, and
following conditioning; *indicates that the two groups differed signifi-
cantly from each other, 

 

p 

 

,

 

 0.05. Lack of asterisks indicates the two
groups did not significantly differ (

 

a

 

 

 

5

 

 0.05). (B) Mean latency to
drip (

 

6

 

SEM) introrally infused saccharin during the test day of the
conditioning experiment; *indicates that the US-CS paired groups
differed significantly relative to their unpaired controls, p , 0.05.
Lack of pound sign indicates the two groups did not significantly dif-
fer (a 5 0.05).
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of selective neural circuits. However, in our final experiment
we addressed the timing of the deprivation period and showed
that a decrease in strength of AMPH-induced CTA is specifi-
cally due to food-deprivation effects on the drug at the time of
conditioning. A period of food deprivation of equal severity
and duration that preceded testing (rather than conditioning)
did not affect the severity of the resulting AMPH-induced
CTA. Thus, it appears that for food deprivation to modulate
CTA learning the related physiological changes, for example,
selective alterations of the mesolimbic dopaminergic system,
must be neurologically integrated on or before the time of
conditioning.

In summary, there are several potential explanations for
the present results that are easily discounted. State-dependent
learning cannot account for the effect of food deprivation to
attenuate AMPH-induced or CDPX-induced CTAs, because
such a mechanism would have also interfered with the LiCl-
induced CTA, and this was not the case. For the same rea-
sons, it is not likely that either food deprivation in general or
nonspecific residual effects associated with the food depriva-
tion interfered with the retention of the AMPH-induced CTA.
We can also discount the possibility that food deprivation at-
tenuated the ability of rewarding drugs to produce a CTA be-
cause of phenomena specific to the pharmacological classes.
Specifically, because both AMPH- and CDPX-induced CTAs
were attenuated following a period of food-deprivation, it
seems unlikely that this could be attributed to either the ability
of the psychomotor stimulant to reduce hunger [see (24,26) or
to the ability of benzodiazepine to induce feeding [see (10,11)].

We have advanced the hypothesis that food deprivation
modulates both the rewarding and aversive properties of
drugs that possess the potential for abuse. An alternative hy-
pothesis has recently been proposed by Grigson (19), who re-
interprets the apparently paradoxical observation that rein-
forcing drugs appear to produce CTAs. Grigson suggests that
rats decrease intake of a gustatory conditioned stimulus fol-
lowing taste–drug pairings not because they have developed
CTAs, but rather because the rewarding properties of the gus-
tatory stimulus pale in comparison to those of the anticipated
drug of abuse. This has been labeled an anticipatory contrast
effect (19). Such an interpretation of our data would suggest
that the rewarding value of saccharin for a hungry rat would
be increased, and hence, the contrast between this saccharine
solution and the anticipated drug (AMPH or CDPX) would
be reduced. This is consistent with our findings of an effect of
deprivation state at the time of conditioning, but it is not nec-
essarily consistent with our findings of a lack of such an effect
when the deprivation period preceded testing.

In conclusion, we present evidence that food deprivation can
attenuate the aversive properties of the reinforcing drugs AMPH
and CDPX, as measured in the CTA paradigm. This evidence
adds to the already large body of literature indicating that
food deprivation enhances the reinforcing properties of drugs.
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